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Abstract 
Maintenance free operating period (MFOP) philosophy is proposed by the UK Military Aerospace industry, which has 
advantages for both the operation and maintenance of aircraft. An MFOP is a period of time for which the aircraft will operate 
without failure and without the need for any maintenance, however, faults and minor planned, contractually agreed maintenance 
are permissible. Each MFOP is followed by a Maintenance Recovery Period (MRP) during which maintenance is performed on 
the aircraft to correct any failures which have occurred, carry out servicing and prepare the aircraft for the next period of 
operation. There are several advantages to operating aircraft in this manner. The first is that it will be known, with a high degree 
of confidence, how many products will be available for operational purposes at any time. This enables accurate, effective mission 
planning. However, the aircraft must be designed to operate in this way and be able to carry faults in the MFOP without an 
unacceptable risk. This paper will model the performance of aircraft utilizing maintenance free operating periods and explore 
issues relating to the design and operation of aircraft in this manner. An example is provided to expatiate on the proposed 
approach. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA). 
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1. Introduction 
MFOP is a period during which the system will operate without failure and without the need for any 
maintenance, however, faults and minor planned, contractually agreed maintenance are permissible. After every 
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MFOP there is a maintenance recovery period (MRP), where the aircraft is repaired to such a level that it is capable 
of completing the next MFOP[1]. It is should noticed that an MFOP is not defined to contain absolutely no 
maintenance, rather it is considered that minor actions, such as refueling, rearming and repairing important safety 
related features, will still need to take place. Since MFOP has the potential that can significantly improve the 
operational capability and reliability of the aircraft applying it and therefore provide a way of better meeting the 
customer’s needs, many reliability researchers have paid attention to it[2,3]. However in order to achieve a high 
value of MFOP with a high confidence level, we can endeavour from five different areas, which are inherent 
reliability of systems and components, redundant systems, reconfigurable systems, prognostics and diagnostics. The 
aim of this research is to develop a modeling capability for the aircraft undergoing an MFOPS maintenance strategy 
based on Petri net method. 
2. Petri nets 
In 1962, Petri proposed the Petri net (PN) concept in his thesis[4]. Petri net is a directed bipartite graph with two 
distinct types of node: places, which are drawn as circles, and transitions, which are shown as bars. These nodes are 
connected to one another using directed arcs. These arcs which go from a place to a transition are considered as 
input arcs. If they are directed the other way are considered as an output arc. The transition is enabled if the number 
of tokens in all of the input places to the transition contains at least the weight number of tokens. Once the transition 
is enabled, it fires, taking one token from each input place and depositing one token in each place with an arc 
leading away from the transition. The marking of the net has thus been altered. The system state represented by the 
first marking has now changed to the one shown by the second. If a time delay for the transition is considered, the 
switching takes place once the time period has passed, following the transition being enabled. During this process 
the number of tokens is removed from each input place according to the weight of the linking arc and tokens are 
created in the output places, again according to the weight number on the associated edge. The time associated with 
delaying transitions can be either deterministic or stochastic. If a PN is required to model processes that have a 
random (or pseudorandom) nature to them, and this randomness follows a certain pattern such as a statistical 
distribution, the transitions can sample their switching times from this distribution. When transitions of tokens are 
immediately happen, they will be represented as solid bars. If transitions with a time delay, they will be represented 
as an empty bar. 
Petri net is a kind of graphic deductive method. When we analyze system fault by Petri net, we often take the 
system unwanted event as the top place, then gradually find out all possible factors which lead to this event and take 
them as an intermediate place and a bottom place. The fault tree can be regarded as the logical relationship of fault 
propagation in the system, a coherent fault tree usually contains only and gate and or gates. So the fault tree can be 
conveniently expressed by the Petri net. PN versions of the AND and OR logical gates featured in fault tree are 
shown respectively in Fig1[5]. In the following Section, we will discuss the method to model the performance of 
aircraft utilizing maintenance free operating periods by Petri net. In the model we will consider the affect of 
prognostics on the performance of aircraft. 
 
 
Fig. 1. Petri net AND gate and OR gate respectively 
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3. Modeling the performance of aircraft 
For an aircraft, in order to finish its mission it will undertake a sequential series of objectives of varying time 
intervals, such as taxi, take off, ascend, cruise, turn, descend and land. To model the performance of aircraft, we 
need system structure, component level failure and maintenance information etc.. The maintenance information will 
need define any mandatory rules which may need to work within the MFOP specification such as points at which 
renewal will be enforced. All possibilities for the way in which the aircraft will be operated must also be established. 
These will be defined in terms of the phases which can be undertaken in any mission. For each phase the functional 
requirements, potential failure modes and their causes need be established. Therefore in this paper, we only derive 
the sketch map of Petri net by the hierarchical modeling method, which is depicted in Fig.2. It should noticed that 
for an item if it failure time is not described by an exponential distribution, except the first working time can sample 
according to its distribution, other working time need sample from its residual life distribution. 
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Fig. 2. Sketch Petri net map for an aircraft 
4. Example 
For example, a non-repairable system has six components, denoted by A, B, C, D, E, F. The multiple-phased 
system have three phases, and in each phase need different components for operation. In first phase, it need A, B, C 
three components at least one work and component D works. In second phase, it need A, B two components at least 
one work and C, D two components at least one work. In third phase, it need component A, C, E and F must work. 
The lengths of the phases and the reliability block diagram are given in Table1.  
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Table 1. phase lengths and reliability block diagram 
Phase Phase length reliability block diagram 
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4.1. Phase Petri net 
According to the reliability block diagram for the system three mission phases, we obtain phase Petri net. 
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Fig. 3. Phase Petri net  
4.2.  Component Petri net 
Components fail is according to random sampled times, but they cannot be repair until MRP arrive. So we obtain 
the component Petri net is as follows:  
0
ComponentA up ComponentA down
Repairing Not repairing
 
Fig. 4. Component Petri net 
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4.3. Simulation analysis 
We can make simulation analysis by PN software. Since a MFOP may be consisted of several missions. During 
the MFOP, if component failure time is not described by an exponential distribution, its failure rate should be 
variable. In the case of Weibull distribution, we have the following result. 
For Weibull distribution the cumulative distribution function is 
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In addition, we also need consider the early replacement problem of the component. 
5. Summary 
From the above analysis, we know inherent reliability of systems and components, redundant systems, 
reconfigurable systems, prognostics and diagnostics are five main factors, which affect the MFOPS of the aircraft. 
To improve the inherent reliability of systems and components, we need better understand the reasons that cause 
systems and components failures and know what can be done to prevent them. The reliability is defined in terms of 
design reliability and process reliability[6]. Because physics based methods can address the basic failure mechanism 
that cause failure of components and assemblies, we can improve the inherent design reliability of a hardware item 
early in its life cycle by physics based methods. Making process uniformity and high process capability and yielding 
fewer process defects by process control, we can achieve high reliability. Redundant systems provide the way, when 
failures of a system or component happen, the aircraft platform should be able to withstand this and continue its 
operation throughout the MFOP. Another way of allowing the platform to continue normal operation after the 
failure of a system is by providing reconfigurable systems. Since health monitoring systems can provide information 
about the life expectancy and reasons for failures of systems and components, by better inspection methods we can 
replace the system before an MFOP. Using diagnostic technique, we can realize location and isolation of a particular 
failed component or system and enable the reconfiguration of systems or mission objectives. However, in modeling 
the performance of aircraft utilizing maintenance free operating periods, we cannot consider the effect of diagnostics. 
This need further discuss in the future. 
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